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of the bar afford resistances proportional to the distances of the elements from the centre of the bar ; since the particles are displaced from their positions of relaxation through spaces which are proportional to the distances of the particles from bhe centre. The couple which the bar now resists, and which is equal to the sum of the couples due to the resistances of all the elements of tftje section, is that which is commonly assumed as the measure of -the strength of the bar. For future reference, this couple may be dei.oted by L, and the angle through which it has twisted the loose end of the bar by ©.
The twisting of ihe bar may, however, be carried still fartlxer, and during the progress of this process the outer particles will yield in virtue of their ductility, those towards the interior assuming successively the condition of greatest tension; until, when the twisting has been sufficiently continued, all the particles in the section, except those quite close to the centre, will have been brought to afford their utmost resistance. Hence, if we suppose* that.no changeJu.. the hardness of the substance composing the material has resulted from the sliding of its particles past. .one. another; and th^Jherefore, ,aiL small elements of the section of the bar afford the saeete . resistance, no matter what their distances from the centre ,na§$Jbs>. .it, .is., easy to prove that the Jiotal resistance of the bar is now^ of what it was in the former. case; or, according to the noigiiojl. Already adopted, it is
* [Note added October 1877, Encyc. Brit.
Ibis-supposition may-be trueJoLsome solids ; it is certainly not .true.f or .solids genexally.   A piece of copper or of iron taken in a soft and unstrained condition certainly becomes "harder" when strained beyond its first limits of elasticity, that is to say, its limits of elasticity become wider; and a. similar result will probably,-be found in ductile metals generally.   Thus the resistance of the outer elements will be greater than those of -the inner elements in the case described in the text, until the torsion has been pushed so far as to bring about the greatest hardness in all the elements at any considerable distance from the axis.   JCLffliBii.^^^-!!^*®-this condition has been attained the hardening of the outer elements, will.have,bejrt.. overdone, and they may have begun to lose strength, and to have become Jrjable_ and fissured.    The principle set forth in the text is not, however,, vitiated by the incorrectness of a supposition introduced merely for the sake of numerical illustra-
tion.]                                                                   ^
t To prove this, let(^be the radius of the fcarjQAthe jitmpsjjprce oljijuraLQjL area of the section to resist a strain tending to mate the particles slide past one another; or to_resist a shearing strain, as.it is commonly called.    AlsolaLihe section of the bar be supp'osed 'to be divided into an infinite number of comentrjc